Six instances of sudden death were recorded by Holter monitoring, which showed ventricular fibrillation in five and a bradyarrhythmia in one. Complex ventricular ectopic activity preceded cardiac arrest in five patients, including the one with the bradyarrhythmic arrest. Two patients with chronic bifascicular block arrested as a result of ventricular fibrillation. Fifteen case reports from the literature are reviewed. The composite profile includes advanced myocardial disease (present in all cases), complex ventricular ectopic activity, R-on-T initiation of the terminal rhythm except in patients with prolonged QT interval, and variations in cycle length preceding the onset of ventricular tachycardia or fibrillation. The role of supraventricular mechanisms in sudden death is uncertain.
ure. During an uneventful recovery, medications were reduced to digoxin, 0.25 mg/day, and quinidine sulphate, 300 mg four times daily. A modified stress test 24 days after admission elicited frequent multiform and repetitive ventricular ectopic complexes (VECs) associated with further ST-segment elevation. A Holter monitor study on the same day showed infrequent unifocal VECs and episodes of atrial fibrillation. Two days later a repeat study was in progress when palpitations signaled the onset of ventricular tachycardia ( fig. 1 ). He had no other symptoms until carotid sinus massage was applied, when he suddenly collapsed, pulseless; the tachycardia continued at a faster rate, resisted cardioversion and degenerated into frank fibrillation 40 minutes after its onset. Asystole occurred 3 minutes later. The recording made before cardiac arrest showed frequent multiform VECs, some in dimorphic couplets ( fig. 1 ). The T-wave inversion became pronounced before ventricular tachycardia initiated by an R-on-T VEC in the wake of a postextrasystolic pause. The autopsy showed left ventricular hypertrophy and extensive recent anterior infarction. Case 2 This 83-year-old white man was admitted for recurrent colonic bleeding. The physical examination showed mild left-sided weakness, a grade 3/6 aortic systolic murmur and a blood pressure of 150/100 mm Hg. He subsequently had episodes of cyanosis, unresponsiveness and restlessness. During one of them, he was apneic in his chair, apparently pulseless; immediately afterwards he became alert, with a heart rate of 100 beats/min and a blood pressure of 190/100 mm Hg. The ECGs, unchanged from the previous year, showed left ventricular hypertrophy and ST-T-wave 
changes. On the sixth day he was found dead in bed. The Holter monitor showed frequent multiform VECs, some in dimorphic couplets, and a brief run of atrial fibrillation. The sinus mechanism developed sinus arrhythmia toward the end of the recording, when it suddenly slowed, permitting a junctional escape rhythm at 22 beats/min and a terminal idioventricular rhythm. ST-segment depression and later elevation were seen at this stage ( fig. 2 ). At autopsy, the left ventricular wall was 2 cm thick, with microscopic diffuse interstitial fibrosis. The aortic valve was moderately stenosed and the coronary arteries were patent. Case 3 This 45-year-old white man was monitored because of palpitations reported at a routine outpatient visit. He had a long history of angina pectoris and left bundle branch block; normal coronary arteries and reduced left ventricular function were documented 13 years previously. A pacemaker was inserted 1 year previously for questionable carotid sinus hypersensitivity, but the symptoms were actually abolished by subsequent carotid endarterectomy. He had been taking propranolol, 80 mg/day, and nitroglycerin. On the day of the arrest, he exercised as usual on his home treadmill, but developed angina in 2 minutes; he sat down, took a nitroglycerin tablet and collapsed in ventricular fibrillation ( fig. 3 ). His wife, a nurse, applied basic life support until he was defibrillated in the hospital. Analysis of the tape showed only rare single VECs before the arrest sequence, initiated by an R-on-T VEC coupled to a paced beat. A sinus beat was then followed by a triplet of ventricular origin and a paced complex coupled by another R-on-T VEC that triggered ventricular fibrillation.
The patient's recovery was uneventful. The ECGs remained unchanged, showing a left bundle branch block pattern. The cardiac enzyme pattern and the radionuclide studies were consistent with acute myocardial infarction. A modified stress test and a repeat Holter monitor study before discharge on digoxin, propranolol, disopyramide, furosemide and nitroglycerin showed no arrhythmias. He did well at home for 14 months, but died suddenly. There was no autopsy. Case 4 A 62-year-old white woman was admitted in ventricular tachycardia and pulmonary edema due to acute myocardial infarction. She had had a cardiac murmur since birth, hypertension, diabetes mellitus, and angina pectoris over the past 12 months. Serial ECGs evolved into a pattern of diffuse and persistent STsegment depression with predominantly upright T waves and a prolonged QT interval. She responded well to therapy except for episodes of recurrent ventricular tachycardia. Three initial Holter monitor studies after the twelfth day all showed frequent multiform VECs and couplets (some dimorphic); brief runs of ventricular tachycardia were present in two. The final study, on the thirty-fourth day, was terminated within minutes of its onset when she collapsed, pulseless, after a brief walk. Her medications included digoxin, 0.25 mg/day, and mexiletine hydrochloride, 200 mg three times daily. Electroversion was successful, but she died in resistant ventricular fibrillation 3 days later. The final Holter study showed sinus tachycardia with brief runs of torsade de pointes. A late VEC initiated the sustained run associated with collapse shortly thereafter ( fig. 4 ). The autopsy showed left ventricular hypertrophy, severe diffuse coronary artery disease and an extensive circumferential, predominantly subendocardial infarction that was several weeks old. The aortic valve was mildly stenosed.
Case S
This 84-year-old white male was monitored after a routine outpatient visit because of chest pains and bradycardia. His history includes sinus bradycardia (40-50 beats/min) for 19 years, hypertension treated by a diuretic and a rauwolfia alkaloid, and angina pectoris. A chest x-ray showed borderline cardiomegaly. The ECGs, stable over 6 years, showed sinus bradycardia, low voltage and indeterminate axis in the standard leads, and right bundle branch block. Three earlier Holter monitor studies showed predominant sinus bradycardia with supraventricular ectopic rhythms of up to 120 beats/min and frequent multiform VECs, some in dimorphic couplets. On the day of the final study he was in his usual state of health until the sudden death at home. The tape was similar to previous ones except for multiform triplets of ventricular tachycardia and the terminal episode of flutter/fibrillation initiated by an R-on-T VEC after a postectopic pause ( fig. 5 ). Although other VECs in the previous studies also encroached on the T wave, none were so closely coupled. There was no autopsy.
Case 6
This 64-year-old white woman was monitored because of asymptomatic bradycardia (40 beats/min).
She had a history of hypertension and three previous infarctions complicated by atrial and ventricular arrhythmias and cardiac failure. After the last infarction 4 months earlier, she remained asymptomatic while taking digoxin and quinidine. A chest x-ray showed cardiomegaly, and the ECGs showed widespread nonspecific ST-T-wave changes. Her serum digoxin levels have been in the toxic range on four occasions, but were in the high therapeutic range when she died; her serum quinidine levels were within the therapeutic range. She died unexpectedly at home. The Holter monitor showed sinus and junctional rhythms with episodes of atrioventricular dissociation, frequent multiform and R-on-T VECs, and an episode of repolariza- tion alternans. The QT interval was prolonged. The termninal event was associated with three R-on-T VECs coupled to sinus and junctional complexes ( fig. 6 ). In the last postectopic pause, a late VEC initiated a torsade de pointes tachycardia that degenerated into frank fibrillation. There was no autopsy.
Discussion
With this report, 21 cases of cardiac arrest have been documented by ambulatory electrocardiography. Our patients closely resemble those reported before, so we reviewed them together (table 1). (Ten additional patients'S 13 have not been reported individually.)
The mean age of the entire group is 62.2 years (range 21-84 years), and the male:female ratio is 5:2.
Seventeen patients (81%) had ventricular fibrillation, which is more than observed by mobile resuscitation units after out-of-hospital cardiac arrests. '-' In seven patients, the arrest was preceded by torsade de pointes ventricular tachycardia. This rhythm, perhaps better termed swinging ventricular tachycardia, 16 Changes in cycle length preceded both the early and the late VECs. Fourteen patients had a long-short sequence (including patient 11 in atrial fibrillation), one (patient 8) had two long-short sequences preceding a very short cycle, and one (patient 6) had a short-long sequence. The effects of cycle length on ventricular ectopic activity are well known.2' Repetitive ectopic activity preceded the terminal rhythm by two cycles in nine patients. In all instances (five dimorphic couplets and four multiform triplets), the morphology of the complexes was not constant. Multiform depolarizations may disperse the ventricular refractoriness over and above the effects of variable cycle length and repetitive activity alone.
The two patients with chronic bifascicular block (patients 3 and 5) died in ventricular fibrillation rather than with a bradyarrhythmia, fulfilling the predictions of Denes et al. 22 regarding the natural history of this condition. Conversely, the four patients who died with bradyarrhythmia (patients 2, 10, 14 and 21) had no ventricular conduction defects. rheir mean age was 78 years, but in terms of preceding ECG abnormalities they were indistinguishable from the group as a whole. This implies that advanced grades of ventricular ectopic activity do not necessarily presage ventricular fibrillation as the terminal event.
The so-called warning arrhythmias were documented before death in 20 patients. The concept of such arrhythmias, derived from the acute coronary care setting, has been at least partially validated for the patients undergoing Holter electrocardiography. ]3 23 The Lown grade24 for the St. Vincent Hospital patients averaged 4.0 during the monitoring before the arrest. For the preceding studies, however, the grade was even higher (4.3 for the three patients who had them). Although this does not detract from the prognostic value of warning arrhythmias as predictors of sudden death, it tends to negate their prodromal nature. Supraventricular ectopic activity could have affected the outcome in some of the cases through creation of sudden changes in cycle length (patients 5 and 11) and its influence on the choice of drug therapy.
The only factor common to all 21 patients was the presence of advanced myocardial disease. Cardiac enlargement or left ventricular hypertrophy on objective grounds was present in all six of our patients and in eight of the previously reported ones for whom such FIGURE 6. Multiform bigeminv preceding the onset of torsuale de pointes tachycardia. 221 VOL 66, No 1, JULY 1982 Abbreviations: AF atrial fibrillation; AMI = anterior infarction; AV = atrioventricular; BBBB = bilateral bundle branch block; CAD coronary artery disease; CXR = chest x-ray; DM = dimorphic (VEC couplets); IHD = ischemic heart disease; IMI = inferior infarction; LVH = left ventricular hypertrophy; MI = myocardial infarction; S sinus beat; SVEC = supraventricular ectopic complex; SVT = supraventricular tachycardia; VEC = ventricular ectopic complex; VF ventricular fibrillation or flutter; VT = ventricular tachycardia. data were available; another patient (patient 14) was receiving therapy for heart failure. The five autopsies performed all confirmed cardiomegaly (average heart weight 555.6 g). Coronary artery disease was absent in at least 25% of the whole group.
No definite conclusions concerning the sensitivity or specificity of the electrocardiographic abnormalities in the sudden death syndrome can be made on the basis of these 21 patients. This review confirms the association of complex ectopic activity with advanced myocardial disease. 10. 25 
